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E X P E R I E N C E  G A I N E D  FROM P H O T O M E T R I C  STUDIES O F  THE ATMOSPHERIC 
ACTIVITY OF JUPITER I N  1964-1965 

A. N .  Aksenov, 2 .  N .  Gr igor 'yeva ,  N .  V .  Priboyeva, 
Z .  G .  Romanenko and V.  G .  Tey fe l '  

ABSTRACT. Regular observa t ions  of J u p i t e r  were made a t  the  
Astrophysics  I n s t i t u t e  of t h e  Academy of Sciences of t he  
Kazak SSR in 1964-1965 in o r d e r  t o  s tudy shor t - te rm changes 
i n  Jovian atmospheric  a c t i v i t y .  The photometr ic  a c t i v i t y  
f a c t o r s  of t h e  nor thern  and southern hemispheres of the 
p l ane t  a r e  analyzed w i t h  respec t  t o  p e r i o d i c i t y ,  amplitude 
and s i g n i f i c a n c e  f o r  add i t i ona l  i n v e s t i g a t i o n .  

The s o l u t i o n  o f  many problems o f  p l a n e t a r y  phys ics ,  i n  p a r t i c u l a r  problems - /7* 

of t h e  s t r u c t u r e  and t h e  dynamics of p l a n e t a r y  atmospheres,  i s  no t  p o s s i b l e  

wi thout  a  s tudy  of  v a r i a b l e  processes  and phenomena occurr ing  w i t h i n  t h e s e  

atmospheres.  Such processes  a r e  observed n o t  on ly  i n '  t h e  atmospheres o f  t h e  

p l a n e t s  of  t h e  Ear th  group, which a r e  comparat ively c l o s e  t o  t h e  sun, b u t  a l s o  

on t h e  g i a n t  p l a n e t s  which r e c e i v e  a  r e l a t i v e l y  smal l  q u a n t i t y  of  energy from 

t h e  sun and which d i s p l a y  very  low temperatures  i n  t h e  o u t e r  atmospheric 

l a y e r s  and i n  t h e  cloud cover .  P a r t i c u l a r l y  i n t e n s i v e  processes  a r e  observed 

on J u p i t e r ,  no twi ths tanding  t h e  f a c t  t h a t  t h e  i n f l u x  o f  s o l a r  energy on t h i s  

p l a n e t  i s  approximately 27 t imes l e s s  than  t h a t  rece ived  by t h e  Ear th .  

Our informat ion  concerning processes  i n  t h e  atmosphere of J u p i t e r  i s  

l i m i t e d  a t  t h e  p r e s e n t  t ime t o  d a t a  concerning changes which occur  on t h e  

v i s i b l e  s u r f a c e  o f  t h e  cloud l a y e r  of  t h i s  p l a n e t .  Radio-astronomical obser-  

v a t i o n  d a t a  a t  t h e  p r e s e n t  t ime do no t  r e v e a l  any n o t i c e a b l e  a s s o c i a t i o n  wi th  

o p t i c a l  phenomena. Although J u p i t e r  has  a l r eady  been observed v i s u a l l y  f o r  

s e v e r a l  hundreds o f  y e a r s ,  s u f f i c i e n t l y  d e f i n i t e  r e g u l a r i t i e s  i n  t h e  a c t i v e  

processes  on J u p i t e r  have n o t  y e t  been e s t a b l i s h e d ,  i f  we do n o t  cons ider  t h e  

zonal  n a t u r e  d e t e c t e d  i n  t h e  r o t a t i o n  of  t h e  p l a n e t a r y  cloud l a y e r ,  confirmed 

by numerous v i s u a l ,  photographic and s p e c t r a l  measurements. 

"Numbers i n  t h e  margin i n d i c a t e . p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t .  



I t  i s  t r u e  t h a t  i n  add i t i on  t o  t h e  i n d i v i d u i l  co,ordinates of  s e v e r a l  

d e t a i l s  on t h e  p l a n e t a r y  s u r f a c e  and t h e  pe r iods  of  t h e i r  r o t a t i o n ,  v i s u a l  

observa t ions  make i t - p o s s i b l e  t o  s tudy t h e  development o f  v a r i o u s  formations 

i n  t h e  cloud layer ,  i nc lud ing  b r i g h t  s p o t s ,  dark coagu la t ions ,  o u t b u r s t s  o f  

ma t t e r  and o t h e r  phenomena which i n d i c a t e  l a r g e - s c a l e  t u r b u l e n t  processes  i n  

t h e  Jovian  atmosphere. However, due t o  t h e  i n e v i t a b l e  sub jec t iveness  i n  

eva lua t ions  o f  v i s u a l  obse rva t ions ,  i nc lud ing  even those  fu rn i shed  by q u a l i -  

f i e d  i n v e s t i g a t o r s ,  s e r i o u s  o b s t a c l e s  a r e  encountered i n  connect ion wi th  t h e  

u s e  of t h e s e  observa t ions  f o r  t h e  development of  t h e o r i e s  p e r t a i n i n g  t o  such 

c i r c u l a t i n g  processes  on J u p i t e r .  

I t  should be  noted t h a t  numerous photographic observa t ions  of  J u p i t e r ,  

made i n  many world o b s e r v a t o r i e s ,  have been accomplished i r r e g u l a r l y  and t h e  

s tudy  of  v a r i a b l e  processes  on t h e  p l a n e t  was appa ren t ly  not  e s t a b l i s h e d  a s  

t h e i r  s p e c i a l  purpose.  Recent ly,  a t tempts  have been made t o  o b t a i n  measure- 

ment d a t a  on J u p i t e r  i n  t h e  form of  q u a n t i t a t i v e  r a t h e r  t h a t  q u a l i t a t i v e  

c h a r a c t e r i s t i c s  on t h e  b a s i s  of  a v a i l a b l e  photographic obse rva t iona l  m a t e r i a l .  

I n  1953 R.  Shapiro [ I ]  s t u d i e d  from photographs of  t h e  Lowell Observa- 

t o r y  changes i n  t h e  r e l a t i v e  i n t e n s i t y  o f  a l l  cloud b e l t s  o f  J u p i t e r  i n  b l u e  

and yellow l i g h t  dur ing  t h e  pe r iod  from 1926 t o  1950 and d e t e c t e d  a  c o r r e l a t i o n  

wi th  s o l a r  a c t i v i t y .  In  1964 Focas and Banos proposed t o  i n t roduce  a s  a 

q u a n t i t a t i v e  c h a r a c t e r i s t i c  o f  t h e  s t a t e  of t h e  Jov ian  cloud l a y e r  t h e  so-  

c a l l e d  photometr ic  a c t i v i t y  f a c t o r  and they  examined changes i n  i t s  magnitude 

from 1952 t o  1963. M. F.  Khodyachikh [3] de f ined ,  from photographs o f  t h e  

Kharlkov Observatory,  as  an a c t i v i t y  parameter  t h e  va lue  of t h e  average con- 

t r a s t  o f  d e t a i l s  on t h e  Jov ian  d i s k  and, f o r  t h e  pe r iod  from 1932 t o  1959, 

found a c o r r e l a t i o n  between t h i s  parameter  and t h e  h e l i o c e n t r i c  d i s t a n c e  o f  

J u p i t e r  and a  l ack  o f  c o r r e l a t i o n  wi th  s o l a r  a c t i v i t y .  

A shortcoi:llng o f  a l l  t h e  works mentioned i s  t h e  f a c t  t h a t  t h e  average 

annual c h a r a c t e r i s t i c s  o f  t h e  s t a t e  of  t h e  cloud l a y e r  o f  J u p i t e r  were de r ived  

n o t  on t h e  b a s i s  o f  a  s e r i e s  of  photographs f o r  an e n t i r e  season of  obser -  

v a t i o n s  i n  a  given yea r ,  b u t  according t o  a  l i m i t e d  number of  photographs ob- 

t a i n e d  a t  random. Of course ,  i n  t h i s  connect ion changes which occurred  on 

J u p i t e r  dur ing  t h e  course of  a  season o f  i t s  appearance could no t  be taken  



i n t o  cons ide ra t ion .  I t  cannot be excluded t h a t  changes o f  a  sho r t - r ange  n a t u r e  

may be  no l e s s  s i g n i f i c a n t  i n  magnitude than  changes from yea r  t o  yea r  and 

t h e r e f o r e ,  t h e  a c t i v i t y  parameter  ob ta ined  i n  accordance wi th  a  small  q u a n t i t y  

of  obse rva t ion  d a t e s  may no t  correspond t o  t h e  r e a l  average annual parameter .  

I n  themselves,  shor t - te rm changes i n  t h e  mac roac t iv i ty  of  t h e  Jov ian  atmosphere 

p r e s e n t  no l e s s  i n t e r e s t  than  changes o f  g r e a t e r  du ra t ion ,  e s p e c i a l l y  s i n c e  

t h e  causes behind t h e  changes may be  d i f f e r e n t .  

I n  t h i s  connect ion,  i n  1964-1965 r e g u l a r  photographic observa t ions  were 

undertaken a s  a  f i r s t  experiment a t  t h e  observa tory  of  t h e  Astrophysics  

I n s t i t u t e  o f  t h e  AN Kazahk SSR [Academy o f  Sciences of  t h e  Kazakh SSR] wi th  

t h e  purpose of  t h e  photometr ic  s tudy  o f  shor t - te rm changes occu r r ing  on t h e  

v i s i b l e  s u r f a c e  o f  J u p i t e r .  The r e s u l t s  of  t h e s e  observa t ions  a r e  s e t  f o r t h  i n  

t h e  p r e s e n t  a r t i c l e .  

The Photometric A c t i v i t y  Factor 

I t  was considered expedient  t o  u s e  t h e  photometr ic  a c t i v i t y  f a c t o r  i n t r o -  

duced by Focas and Banos [2] a s  t h e  parameter  which c h a r a c t e r i z e s  t h e  s t a t e  o f  

t h e  v i s i b l e  s u r f a c e  of  t h e  cloud l a y e r  o f  J u p i t e r  and which i s  s u f f i c i e n t l y  

respons ive  t o  changes occurr ing  i n  t h e  o p t i c a l  p r o p e r t i e s  of  i n d i v i d u a l  p lane-  

t a r y  r eg ions .  The a p p l i c a t i o n  of  any photometr ic  parameters  a s  an a c t i v i t y  i n -  

dex f o r  t h e  atmosphere of  J u p i t e r  i s  based on t h e  assumption t h a t  t h e  q u a n t i t y  

of  dark ma t t e r  on t h e  v i s i b l e  s u r f a c e  o f  t h e  cloud l a y e r  i s  determined by t h e  

i n t e n s i t y  o f  t h e  c i r c u l a t i o n  processes  i n  t h e  atmosphere which f a c i l i t a t e  

e i t h e r  t h e  r e l e a s e  of t h i s  ma t t e r  from deeper  l a y e r s  o r  i t s  formation n e a r  t h e  

s u r f a c e  of  t h e  cloud l a y e r  due t o  a  tempera ture  change i n  s p e c i f i c  cloud 

cover zones. 

The photometr ic  a c t i v i t y  f a c t o r  c h a r a c t e r i z e s  t h e  r e l a t i v e  q u a n t i t y  of  

dark ma t t e r  i n  t h e  e q u a t o r i a l  and temperate  b e l t s  of  J u p i t e r .  Determination o f  

t h e  f a c t o r  i s  accomplished i n  t h e  fo l lowing  manner. The photographic image o f  

J u p i t e r  i s  scanned pho tome t r i ca l ly  along t h e  c e n t r a l  meridian.  The photo- 

m e t r i c  p r o f i l e  i s  cons t ruc t ed  i n  r e l a t i v e  i n t e n s i t y  u n i t s  I ( + ) ,  s o  t h a t  t h e  

l i g h t  e q u a t o r i a l  zone i n  t h e  c e n t e r  of  t h e  d i s k  corresponds t o  I ( 0 )  = 1.0 .  The 

l a t i t u d e  l i m i t s  w i t h i n  which t h e  photometr ic  p r o f i l e  i s  cons t ruc t ed  a r e  +4S0. 
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The use  o f  t h e  i n t e n s i t y  measurement a t  h ighe r  l a t i t u d e s  on t h e  Jovian  d i s k  

has no meaning s i n c e  t h e  accuracy o f  t h e s e  measurements would be i n s u f f i c i e n t  

due t o  i n t e n s i v e  darkening toward t h e  p o l e s .  I n  u s ing  t h e  graph I ( + )  ( see  - / 9 
- Figure  I ) ,  i t  i s  n o t  d i f f i c u l t  t o  d e f i n e  g raph ica l ly  t h e  va lue  

4-45' 

-R ' = -- ; J [l-I(y)]cly, (1) 

-45' 
which i s  c a l l e d  t h e  a c t i v i t y  f a c t o r .  I n  t h e  formula S i s  t h e  a r e a  o f  a r e c -  

t a n g l e  l i m i t e d  by t h e  segments I ( + )  = 1; I ( + )  = 0; IJJ = + 45'; IJJ = - 45". 

I t  i s  c l e a r  t h a t  an i n c r e a s e  i n  
I(r! t h e  q u a n t i t y  of dark m a t t e r  on t h e  

Jov ian  d i s k  causes an i n c r e a s e  i n  t h e  

a c t i v i t y  f a c t o r .  S ince  darkening t o -  

04 ward t h e  edges o f  t h e  d i s k  a l r e a d y  be- 
g ins  a t  l a t i t u d e s  l e s s  t h a t  4S0, even 

IL.-L---L i n  t h e  complete absence of  dark ma t t e r  
-L% -9 -20 -0 0 .)J 4 2  .m .&* ' t h e  a c t i v i t y  f a c t o r  w i l l  n o t  equal  zero .  

Figure 1 .- Method f o r  t he  Graphical If we accept  t h e  Lambert law ( t h e  
Determination of t h e  Ac t iv i ty  

cos ine  law) f o r  t h e  i n t e n s i t y  d i s t r i b u -  Fac tor .  
t i o n  along t h e  centra-1 meridian wi th  no 

dark bands p r e s e n t ,  we may cons ider  a s  a  s a t i s f a c t o r y  approximation t h a t  f o r  

t h e  l a t i t u d e s  I$ 45' t h e  a c t i v i t y  f a c t o r  

4-45" 

1 1 -  cos y d p 

This  must be kep t  i n  mind, n o t  on ly  i n  an examination o f  t h e  r e s u l t s  o f  

ou r  observa t ions  b u t  a l s o  i n  connection wi th  t h e  use  o f  d a t a  from t h e  work of  

Focas and Banos. 

Observation and Processing Technique 

. ,Pho tog raph ic  observa t ions  o f  J u p i t e r  i n  1964-1965 were made wi th  t h e  AZT- 

7 20-cm miniscus t e l e scope  wi th  t h e  a i d  of t h e  MFN-3 microphoto adap te r  wi th  

o c u l a r  magn i f i ca t ion ,  The equ iva l en t  focus o f  t he  e n t i r e  o p t i c a l  system 

equa l l ed  26 .3  m and t h e  s c a l e  of  t h e  image on t h e  nega t ive  amounted t o  

4 



7".8 i n  1 nim. The l i n e a r  diameter  o f  t h e  Jov ian  image dur ing  t h e  pe r iod  o f  

observa t ion  changed wi th in  t h e  l i m i t s  4 .3-5.8 mm. Photography was accomplished 

on t h e  RF-3 f i l m  through l i g h t  f i l t e r s ,  f o r  which t h e  e f f e c t i v e  t iavelengths 

a r e  shown i n  Table 1, wi th  cons ide ra t ion  f o r  t h e  s p e c t r a l  s e n s i t i v i t y  o f  t h e  

f i l m  and t h e  exposures a r e  employed. 

TABLE 1 

L i g h t  hef f  ( m u )  Exposure, 
F i l t e r  sec. 

KS-IO 605 15-20 
OS-12 585 3-5 
ZS-1 532 10-15 
ss-5 44 1 3-5 
FS-7 405 7-10 

Observat ions were made dur ing  t h e  course o f  73 n i g h t s  from August 17, 

1964 t o  March 10 ,  1965. Each n i g h t  a s e r i e s  of  photographs of  J u p i t e r  was 

made w i t h  a l l  l i g h t  f i l t e r s  -- 12 images wi th  each f i l t e r .  Approximately 

4300 photographs were obta ined .  On t h e s e ,  3 of  t h e  b e s t  images f o r  each l i g h t  - /10 

f i l t e r  i n  an observa t ion  s e r i e s  f o r  a given n i g h t  were sezec t ed  f o r  f u r t h e r  

p roces s ing  . 

C a l i b r a t i o n  o f  t h e  nega t ives  was accomplished w i t h  t h e  FSR-1 s e n s i t o -  

meter ;  a photometr ic  wedge was impressed upon each f i l m  w i t h  t h e  KS-10 and 

SS-5 f i l t e r s .  A s  a r u l e ,  t h e  development cyc l e  was kept  unchanged. 

The photographs of J u p i t e r  were measured pho tome t r i ca l ly  on the  MF-2 

microphotometer a long t h e  c e n t r a l  meridian through 0 . 1  mm. The photometr ic  

p r o f i l e s  were i n i t i a l l y  cons t ruc t ed  i n  u n i t s  o f  t h e  logar i thm o f  t h e  i n t e n s i t y  

and then  i n  r e l a t i v e  i n t e n s i t i e s  f o r  t h e  range of  l a t i t u d e s  from - 45O t o  

+ 45'. S ince  t h e  e q u a t o r i a l  zone of J u p i t e r  dur ing  t h e  p e r i o d  o f  obse rva t ions  

was n o t  t h e  b r i g h t e s t  r eg ion  of t h e  d i s k ,  t h e  zone was s t i l l  occupied by a 

da rk  b e l t  through which t h e  l i g h t  m a t t e r  (see F igures  2 and 3) p e n e t r a t e d  only  

i n  c e r t a i n  p l aces .  I n  o rde r  t o  determine t h e  r e l a t i v e  i n t e n s i t i e s ,  it was 

necessary  t o  accomplish a r educ t ion  i n  t h e  i n t e n s i t y  o f  t h e  l i g h t  zones on t h e  

centel" o f  t h e  d i s k ,  which was accomplished by t h e  s imple  c a l c u l a t i o n  l o g  cos 



from log  I '  o f  t h e  l i g h t  zone wi th  l a t i t u d e  + The f i n a l  i n t e n s i t y  o f  Z 2' 
i nd iv idua l  p o i n t s  o f  t he  c e n t r a l  meridian,  wi th  r e s p e c t  t o  t h e  c e n t r a l  r e -  

duced i n t e n s i t y  I was found from t h e  formula 0 ' 

l og  I ( + )  = l og  I '  - log  I = l og  I '  - ( l o g  I i  - l og  cos + ) ,  Z (3) 

where log I '  is a va lue  obta ined  from t h e  c h a r a c t e r i s t i c  curve from which t h e  

i n i t i a l  photometr ic  p r o f i l e  was cons t ruc ted .  

In  accordance wi th  t h e  I ( + )  graph, t h e  photometr ic  a c t i v i t y  f a c t o r  R 

was. then  c a l c u l a t e d  i n  agreement wi th  formula (I) and t h e  va lues  RN and RS 

were c a l c u l a t e d  f o r  t he  no r the rn  and southern  hemispheres s e p a r a t e l y .  

If  t h e  photometr ic  p r o f i l e s  o f  a l l  t h r e e  images measured agreed we l l  with 

each o t h e r ,  subsequent  p roces s ing  (de termina t ion  of  R,  % and R S ) was accomp- 

l i s h e d  i n  accordance wi th  t h e  average p r o f i l e .  I f  t h e  p r o f i l e s  d i f f e r e d  

somewhat, t h e  a c t i v i t y  f a c t o r  was determined f o r  each p r o f i l e  s e p a r a t e l y ,  and 

then  t h e  va lues  obta ined  were averaged, 

Figure 2. Photographs o f  J u p i t e r  i n  Blue L i g h t  i n  1962 (1) a n d  
i n  1964 ( 2 ) .  



Figure 3. The Photometric Profile of the Jovian Disk along t6e 
Central Meridian in Blue Light: a, in 1962; b, in 1964. 



Changes i n  t he  A c t i v i t y  Factor  

The genera l  course  o f  changes on t h e  Jovian  d i sk  i n  t h e  1964-1965 con- 

s i s t e d  o f  t h e  gradual  l i g h t e n i n g  of  t h e  e q u a t o r i a l  reg ion  and an i n c r e a s e  i n  

t h e  i n t e n s i t y  of  t h e  North and South Trop ica l  Zones, A comparat ively narrow 

l i g h t  zone, which i n t e r s e c t e d  t h e  broad dark b e l t ,  was v i s i b l e  on the  equator  

o f  J u p i t e r  i n  August, 1964 i n  orange l i g h t .  I n  b l u e  l i g h t  t h i s  zone was very /12 - 
n o t i c e a b l e  and cons i s t ed  o f  i n d i v i d u a l  l i g h t  s p o t s .  I11 December, 1964 t h e  

e q u a t o r i a l  zone i n  orange l i g h t  became broader  and t h e  dark North and South 

Equa to r i a l  Be l t s  s epa ra t ed  somewhat. 011 the  equa to r  t h i s  l i g h t e n i n g  was noted  

i n  d a y l i g h t ,  b u t  i t  was s i g n i f i c a n t l y  l e s s  than  i n  orange l i g h t .  The North 

and South Temperate B e l t s  became more i n t e n s i v e  i n  comparison wi th  the  begin-  

i n g  o f  t h e  season o f  obse rva t ions .  The sou th  b e l t  seemed da rke r  i n  orange 

l i g h t  and almost merged wi th  t h e  South Equa to r i a l  B e l t .  The North Trop ica l  

Zone, on t h e  o t h e r  hand, showed b e t t e r  v i s i b i l i t y  i n  b l u e  l i g h t ,  whereas i n  

orange l i g h t  it  was b a r e l y  n o t i c e a b l e .  This  zone, as we l l  a s  t h e  Red Spot ,  

appeared t o  be orange i n  c o l o r  photographs o f  J u p i t e r  ob ta ined  i n  December 

1964 on AZT-8 70 cm t e l e scope .  The e q u a t o r i a l  reg ion  was yel low and, south  of  

t h e  equator ,  passed  t h e  grayish-orange South Equa to r i a l  B e l t ,  which i s  bordered 

on t h e  south  by t h e  gray t r o p i c a l  zone. The North Equa to r i a l  Be l t  was gray ,  

as  were t h e  p o l a r  r eg ions  and t h e  South Temperate B e l t ,  which, judging by 

photographs dur ing  t h i s  p e r i o d ,  was i n  a  s t a t e  o f  maximum turbulence .  

I n  1964 i n  t h e  South Temperate B e l t ,  sha rp  d i f f e r e n c e s  i n  b e l t  i n t e n s i t y  

by long i tude  were observed; i n  September t h e  b e l t  was almost unno t i ceab le  i n  

- t h e  reg ion  of  longi tudes  from 90 t o  220" ( I 1  sys tem) ,  whereas i n  t h e  remain- 

i ng  p a r t  t h e  b e l t  was r e l a t i v e l y  we l l  def ined .  In  December o f  1964 t h e  e a s t e r n  

end o f  t h e  b e l t  a l r eady  had a  l ong i tude  o f  approximately 20°, r a t h e r  than  90°, 

s o  t h a t  t h e  b e l t  was sha rp ly  a t t e n t u a t e d  n e a r  t h e  Red Spot .  

I t  is  q u i t e  c l e a r  t h a t  on photometr ic  segments o f  t h e  Jov ian  d i s k  along 

t h e  c e n t r a l  meridian,  t h e  b r i g h t n e s s  o f  t h e  l i g h t  zone i n  t h e  southern  hemi- 

sphe re  i n  t h e  15-30" range o f  l a t i t u d e s  i n  b l u e  and v i o l e t  l i g h t  i s  s i g n i f i -  

c a n t l y  h i g h e r  than  t h e  b r i g h t n e s s  of t h e  l i g h t  zone i n  t h e  no r the rn  hemisphere 

( l a t i t u d e s  10-25").  The b r i g h t n e s s  of bo th  zones is  almost i d e n t i c a l  i n  green,  

8 



orange and r ed  l i g h t .  The r e l a t i v e  d i f f e r e n c e  i n  i n t e n s i t i e s  of  t he  segments,  

w i th  maximum b r i g h t n e s s  i n  southern  and no r the rn  hemispheres i n  d i f f e r e n t  

c o l o r s ,  is shown i n  Table 2 ,  where IS. J = -  

IN 

In the  no r the rn  hemisphere o f  J u p i t e r  t h e r e  i s  nlore dark mat te r  than  i n  

t h e  sou the rn  hemisphere,  and i n  add i t i on ,  i t  i s  p o s s i b l e  t h a t  t h e  l i g h t  ma t t e r  

o f  t h e  no r the rn  zone has  a more reddish  c o l o r a t i o n .  As a r e s u l t ,  i t  seems 

l e s s  b r i g h t  i n  b l u e  and v i o l e t  l i g h t .  

TABLE 2 

F i  1 t e r  J L i r n i t s  - 

A c t i v i t y  f a c t o r  va lues  obta ined  a f t e r  photometr ic  p roces s ing  of t h e  

photographs o f  J u p i t e r  f o r  each n i g h t  o f  observa t ions  a r e  shown i n  Table 3,  

whi l e  t h e  l i m i t s  o f  changes ac ros s  t h e  e n t i r e  d i s k  a r e  shown i n  Table 4.  

TABLE 4 
- 

F i l t e r  R L i m i t s  

KS- 10 0.1 15-0.215 
0s-12 0.118-0.246 
ZS- 1 0.109-0.250 
SS-5 0.182-0.328 
FS-7 0.203-0.419 

The dependence o f  t h e  a c t i v i t y  f a c t o r  average va lues  R on wavelength 

du r ing  t h e  e n t i r e  season  o f  observa t ions  i s  shown i n  Figure 4 .  Maximum 

a c t i v i t y  f a c t o r  va lues  a r e  obta ined  i n  b l u e  and v i o l e t  l i g h t  and minimum 

v a l u e s  a r e  obta ined  i n  orange and r e d  l i g h t .  I n  t h i s  connect ion the  d i f f e r e n c e  

i n  va lues  f o r  green ,  orange and r e d  f i l t e r s  proves t o  b e  i n s i g n i f i c a n t ,  

j u s t  as. i s  t h e  d i f f e r e n c e  between i n  b l u e  and v i o l e t  l i g h t .  

The o v e r a l l  behavior  o f  changes i n  t h e  a c t i v i t y  f a c t o r  during t h e  course 

o f  t h e  e n t i r e  p e r i o d  of  observa t ions  from August, 1964 t o  March, 1965 i s  shot.in 

9 



i n  ~ i ' ~ u r e  5. I t  i s  not  d i f f i c u l t  t o  /15 - 
s e e  t h a t  i n  a l l  f i l t e r s ,  values R ex- 

- 
R per ience  r a t h e r  sharp f l u c t u a t i o n s .  

A s  w i l l  be seen from subsequent 

ana lys i s ,  t hese  f l u c t u a t i o r ~ s  a r e  appar- 

1 I e n t l y  caused mainly by measurment . 
LL--I-- 1 -J 
do"O 454%' 5Gm 3%U 4 e r r o r s .  However, the  r e g u l a r i t y  de- 

f ined  i n  t h e  genera l  behavior  o f  t h e  - 
Figure 4 .  The Average Val ue of the  

a c t i v i t y  f a c t o r  draws a t t e n t i o n ;  i n d i -  Act iv i ty  FActor as  a Function o f  
wavelength. v idual  f luc tua t ions  a r e  superimposed on 

a c e r t a i n  p e r i o d i c a l  change i n  t h e  a c t i v i t y  f a c t o r .  The p e r i o d i c i t y  i s  most 

c l e a r l y  expressed i n  graphs f o r  r ed ,  orange and green l i g h t .  The per iod  o f  

the  changes appears t o  equal approximately 3 months. Maximum a c t i v i t y  f a c t o r  

values occur a t  t h e  end o f  August and the  beginning o f  September, 1964 and a t  

t h e  end of November, 1964. Minimal a c t i v i t y  was noted i n  mid-October, 1964 

and a t  the  beginning of  January, 1965. Observations i n  1965 were fewer and 

the re fo re  it i s  more d i f f i c u l t  t o  judge t h e  nature  o f  t h e  a c t i v i t y  f a c t o r  a t  

the beginning of 1965, a1 t l~ough everything gives the  impression t h a t  toward 

the  end of the  season of t h e  appearance of J u p i t e r ,  i t s  a c t i v i t y  became l e s s ;  

t h e  anlplitude of  f l u c t u a t i o n s  i n  various R became not iceably  l e s s .  Per iodic-  

i t y  i n  changes i n  t h e  a c t i v i t y  f a c t o r  i n  b lue  and v i o l e t  l i g h t  p r a c t i c a l l y  

does no t  appear. 

R 
a:, 
PJ &- - 3 -.*Phv*+/A.~-. '. 
f 2 

Fs-7 I 
+ 1 

Figure 5. Changes in the Act iv i ty  Factor of J u p i t e r  across the  En t i r e  Disk 
I n  Different  Colors i n  1964-1965. 





-
-
-
A

-
 

-
-
-
-
-
-
 

w
 w

 L? 
(
5

 C
I C

?
 Y

 ~
3
 
3
 C
O
 0

 O
 C

7 t- 
O

 C
, --? O

 CO r
l

 0
 Y

? O
 C? 

O
 0

1
 i
f
 M

 m
 1- 

1
.2
 h

 0
1

 C
,
 c
l
 FI 

m
 o
 -,f 

C
? 
t- CQ

. C
J
 15
 

0
3

 i
3
 C' 

:? 
4
 1.3 

C-> 
9

7
 1

- 
N

 
L- 

t
-
 0

3
 --* 

t
-
 ~

3
 G>
 1.) 

O
 W

 trJ 0
)
 r
~

 c3
 
c
>
 C.9 

-
9
 t-. a

 ,?
 
C

)
 c? 

C
. 

~
i
o
~
-
~
.
.
:
y
i
~
l
r
-
l
c
.
l
~
i
C
~
0
3
o
1
o
l
h
~
1
d
~
~
i
~
-
i
~
l
r
i
d
d
d
e
~
~
r
i
c
.
~
C
3
d
,
-
,
~
l
~
l
~
i
r
l
~
~
c
\
~
,
-
,
 

G
d

d
J

d
d

G
G

d
d

d
d

d
d

d
d

S
d

d
d

d
3

d
d

o
^

d
d

C
;G

G
o

^
d

d
d

~
&

G
G

G
 

r
;

i
m

~
c

~
-

:
~

~
c

~
~

~
-

'
,

~
~

m
~

~
~

o
o

~
~

~
~

o
o

m
~

~
~

~
~

c
z

,
~

o
~

r
-

~
m

~
r

(
r

c
~

~
-

t
~

~
 

o
o

o
 

r
l

 G3 0
1
 L3 

L9 
r
i
 t 

0
1
 W

 C
)
 d
 G
>
 E

3
 0

J
 L3 

-d
 m

 o
 co 

-
0
 d

 0
 0

 n
j G

I 1
3

 0
 r- t- i

 c, 0
 4
 

0
 
f
.
 

R
~
'
-
'
,
N
~
N
,
~
~
C
~
~
C
~
C
'
~
G
\
~
C
.
~
C
!
C
.
!
~
~
?
~
~
~
C
\
~
~
~
~
~
~
~
]
^
~
\
!
~
~
C
J
C
\
~
_
?
~
~
~
I
~
C
?
 

I ~
y

6
:

 
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
3

0
0

0
0

0
0

0
0

0
0

0
0

-
0

0
 

0
0

0
 

:
 

C
\

7
0

1
~

0
 c

O
O

~
D

N
5

0
m

~
~

o
b

 
0

o
r
-
t
.
-
(
o

1
L

3
C

0
W

 
o

l
d

 
0
 

Q
1

~
~

0
0

L
?

t
-

-
-

C
1

 
W

C
D

b
Y

S
 

a
Q

C
1

C
3

b
O

d
d

d
 

W
L

9
0

0
C

I
d

M
b

-
 

0
0

1
 

C
-
 

O
r

3
b

<
3

C
0

0
b

 
[ 1 ~

y
?
~
.
 

I 
c

~
t

\
l

,
c

~
~

~
~

&
~

~
C

c
)

~
c

o
~

r
n

~
 

I E
~

C
;

~
~

~
~

~
~

C
~

C
~

,
W

,
 

I C
ILC

~J^ I N
 j 

~C
~C

\IC
O

-C
?::S- 

( 
0

0
0

0
,
0

0
0

0
0

0
0

0
0

 
0

0
0

0
0

0
0

0
 

0
0

 
0
 

0
0

0
0

0
0

0
 

m
a

c
o

t- 
C

I
M

C
A

W
U

~
-

O
~

O
 

m
m

&
o

~
t

-
m

+
o

~
 r-

o
 

r- 
o

m
o

~
c

o
m

o
+

 
C

3
w

o
 

d
"
(
C

o
-
"
-
jr

t-
m

L
3

c
-
 

C
3

0
T

.'L
a

*
L

Q
t-

m
 

"
0

 
m

 
t
-

4
-

t
V

I
0

'
3

3
1

 

I I o
?

~
~

%
 

I 
c

?
~

3
~

c
~

c
;

?
c

~
c

o
~

~
c

s
~

 
( 

m
m

*
c

?
c

~
-
m

c
~

c
o

-
c

, ciao: 
1 03- 1 ~

~
-

r
~

h
C

~
~

<
c

.?
-

c
s

 
I 

0
0

0
0

 
0

0
0

0
0

0
0

0
0

 
0

0
0

0
0

0
0

0
 

0
0

 
0
 

0
0

0
0

0
0

0
 



Simi la r  graphs o f  the  change i n  the  a c t i v i t y  f a c t o r  a r e  p l o t t e d  separa te ly  

f o r  t h e  northern and southern hemispheres (see Figure 6 ) .  These graphs show 

t h e  sharply  expressed d i f fe rence  i n  the  degree of  a c t i v i t y  of the  two hemi- 

spheres o f  J u p i t e r .  While i n  t h e  southern hemisphere t h e  a c t i v i t y  f a c t o r  

shows comparatively l i t t l e  change and reveals  no p e r i o d i c i t y  i n  changes, i n  

t h e  nor thern  the  p i c t u r e  i s  completely d i f f e r e n t .  The a c t i v i t y  f a c t o r  i n  r ed ,  

orange and green l i g h t  f l u c t u a t e s  from night  t o  n igh t  very i n t e n s i v e l y ,  bu t  - / I 6  

t h e  main point  is  t h a t  the  pe r iod ic  na tu re  of t h i s  f l u c t u a t i o n  appears c l e a r l y ,  

s p e c i f i c a l l y ,  i n  t h e  nor thern  hemisphere. The maximum q i q ~ l i t u d e  of changes i n  

R a r e  observed i n  green l i g h t .  In b lue  and v i o l e t  l i g h t  n e i t h e r  t h e  nor thern  

nor  the  southern hemisphere reveal  s u f f i c i e n t l y  c l e a r  p e r i o d i c i t y  ( i n  blue 

l i g h t  the  northern hemisphere s t i l l  r evea l s  a  c e r t a i n  p e r i o d i c i t y ,  b u t  it i s  

superimposed on t h e  general  inc rease  i n  the  a c t i v i t y  f a c t o r  toward the  end of 

November, 1964). I n  v i o l e t  l i g h t  only a  general  inc rease  i n  t h e  a c t i v i t y  

f a c t o r  was observed from August t o  the  beginning o f  December, 1964, and then a  

small drop occurred.  A c e r t a i n  gradual increase  i n  t h e  a c t i v i t y  f a c t o r  a l s o  

occurred i n  the southern hemisphere. 

I t  was noted above t h a t  t h e  North Equatorial  Bel t  i s  more a c t i v e  than 

t h e  South. Here numerous spo t s  and v o r t i c e s  a r e  observed, e spec ia l ly  a t  t h e  

edges of t h e  b e l t ,  which i n d i c a t e  r a t h e r  powerful tu rbu len t  phenomena a t  

this.  b e l t  of  t h e  Jovian  atmosphere. Observed c h a r a c t e r i s t i c s  i n  a c t i v i t y  

f a c t o r  changes confirm t h e  exis tence  of sha rp ly  expressed a c t i v e  processes,  

p a r t i c u l a r l y  i n  t h e  North Equatorial  Bel t ,  which mainly r e s u l t  from t h e  

observat ional  p i c t u r e  of changes occurring i n  the  photometric p roper t i e s  of 

the Jovian  d isk  during t h e  1964-1965 season. 



Figure 6 .  Changes i n  the Ac t iv i ty  Factor i n  t he  Northern 
and Southern Hemispheres of J u p i t e r  i n  Di f ferent  Colors 

i n  196lt- 196.5. 

S t r i c t l y  speaking, t h e  f l u c t u a t i o n s  i n  the  a c t i v i t y  f a c t o r  values them- - 117 

s e l v e s  must be  examined as  a c h a r a c t e r i s t i c  o f  t h e  i n t e n s i t y  of  the  atmospheric 

c i r c u l a t i o n  on J u p i t e r .  A s  shown i n  Figure 7,  where changes i n  the  a c t i v i t y  

f a c t o r  a r e  shorin f o r  t h e  pe r iod  1953-1965 ( p r i o r  t o  1964, according t o  da ta  

by Focas and Banos). For a number of yea r s  the  a c t i v i t y  f a c t o r  va r i ed  below 

0.050 (from 1955 t o  1962). Short- term changes i n  t h e  a c t i v i t y  f a c t o r  occurred 

i n  1964 within these  l i m i t s ,  o r  even somewhat g r e a t e r  ones. Therefore,  t h e  

a c t i v i t y  of  the Jovian  atmosphere must be  cha rac te r i zed  f i r s t  of  a l l  by a r a t e  



and amplitude o f  changes i n  o p t i c a l  parameters  o f  t h e  cloud cover of  t h e  

p l a n e t  dur ing  t h e  course of  t he  given season of  t h e  appearance of  J u p i t e r .  

I t  i s  p o s s i b l e  t o  do t h i s  only i n  connect ion wi th  sys t ema t i c  photographic o r  

p h o t o e l e c t r i c  observa t ions  of  t h e  p l a n e t ,  accomplished i f  p o s s i b l e  on every  

c l e a r  n i g h t .  

F igure  7.  Behavior o f  t he  A c t i v i t y  Factor  in Ye1 low Light by Year. The 
Small c i r c l e s  represent  da t a  by Focas and Banos. The small squares  

r ep re sen t  observa t ions  i n  1964-1965 a t  the Astrophysics  I n s t i t u t e  of t h e  
Academy o f  Sciences of t h e  Kazh SSR. 

A Prel  iminary Analys i s  o f  the  Resul t s  of Observat ions 

F i r s t  o f  a l l  we s h a l l  examine changes i n  the  a c t i v i t y  f a c t o r  which a r e  

common f o r  t h e  e n t i r e  d i s k .  A s  seen  from Figure  5 ,  f l u c t u a t i o n s  i n  va lues  R 

w i l l  a l l  f i l t e r s  occurred  i n  an extremely i r r e g u l a r  fash ion  and wi th  r a t h e r  

h igh  amplitudes of i n d i v i d u a l  f l u c t u a t i o n s .  If  these  f l u c t u a t i o n s  a r e  caused 

by r e a l  changes i n  t h e  i n t e n s i t y  o f  dark b e l t s  on the  d i s k ,  then  we could 

a n t i c i p a t e  a r a t h e r  h igh  c o r r e l a t i o n  between va lues  R f o r  ad j acen t  segments o f  

t h e  spectrum. However, such a  c o r r e l a t i o n  i s  p r a c t i c a l l y  l ack ing - -co r re l a t ion  

c o e f f i c i e n t s  r do n o t  exceed 0 .5 :  i n  comparing d a t a  ob ta ined  wi th  the  f i l t e r s  
4 

FS-SS, SS-ZS, ZS-OS and FS-KS, we o b t a i n  r va lues  + 0.46; + 0.33; + 0.35; and 
4 

+ 0.35, r e s p e c t i v e l y .  

General ly ,  t h e  d i s t r i b u t i o n  o f  dev ia t ions  o f  R va lues  from t h e  average 

prove t o  b e  c lose  t o  normal. Normal d i s t r i b u t i o n  i s  s a t i s f i e d  i n  a  b e t t e r  

manner by dev ia t ions  from the  s inusoid-resembling curves of t h e  o v e r a l l  be-  

hav io r  o f  t h e  a c t i v i t y  f a c t o r  r ep re sen ted  i n  F igure  5  by a  dashed l i n e .  Apyar- 



e n t l y ,  s e p a r a t e  va lues  R a r e  aggravated by measurement e r r o r s  which more than  

l i k e l y  a r e  a s s o c i a t e d  n o t  with e r r o r s  i n  t h e  photometr ic  measuremerlt o f  photo-  

graphic  images o f  J u p i t e r ,  b u t  r a t h e r  with measurement r educ t ion .  The f a c t  - /18 

i s  t h a t  t h e  r educ t ion  accomplished i n  t h e  i n t e n s i t y  of  l i g h t  zones on t h e  

c e n t e r  o f  t h e  Jov ian  d i s k ,  r equ i r ed  i n  o r d e r  t o  c a l c u l a t e  t h e  a c t i v i t y  f a c t o r ,  

depends on t h e  e x t e n t  t o  iihich t h e  b r i g h t n e s s  of t he  l i g h t  zones remain con- 

s t a n t .  I f  t h e  l i g h t  zones themselves vary  t h e i r  co lo r  and b r i g h t n e s s ,  then  

w i t h  t h e  same dark b e l t  i n t e n s i t y  t h e  a c t i v i t y  f a c t o r  va lues  w i l l  vary  due t o  

inconstancy o f  t h e  zero-point  o f  r e f e rence  o f  r e l a t i v e  i n t e n s i t i e s .  O f  cou r i e ,  

t h e  q u a l i t y  o f  t h e  photographic image of  t h e  p l a n e t  must a l s o  e f f e c t  t h e  

a c t i v i t y  f a c t o r  va lues .  The q u a l i t y  probably does n o t  p l ay  a  s i g n i f i c a n t  r o l e  

s i n c e  only  t h e  b e s t  images were s e l e c t e d  f o r  measurements. However, t h i s  

caLse cannot b e  completely excluded. 

In i r r e g u l a r  R f l u c t u a t i o n s ,  a  longi tude  e f f e c t  may appear  i f  t h e  quant -  

i t y  o f  dark ma t t e r  ( t he -wid th  and i n t e n s i t y  o f  t h e  b e l t )  v a r i e s  wi th  long i -  

t ude .  However, a  comparison of va lues  R wi th  longi tudes  i n  t h e  I and I1 system 

revea led  an almost complete l a c k  of dependence on long i tude .  Avergae va lues  - 
R over  a  60-degree l o n g i t u d i n a l  i n t e r v a l  d i f f e r  by n o t  more than  + 0.015 and d  
on ly  i n  blue and v i o l e t  l i g h t  i n  t h e  I1 system, d id  one r eg ion  w i t h  L = 0 t o  

I I 
60" r e v e a l  dev ia t ions  Ed by 0.055 of t h e  maximum va lue .  However, t h i s  l ong i -  

t u d i n a l  i n t e r v a l  corresponds t o  a  lower number o f  observa t ions  than  o t h e r  

i n t e r v a l s ,  

The d i f f e r e n c e  i n  t h e  degree of a c t i v i t y  i n  t h e  no r the rn  and southern  

hemispheres o f  J u p i t e r  p re sen t s  p a r t i c u l a r  i n t e r e s t .  Graphs were cons t ruc t ed  

o f  t h e  change i n  l e v e l  values R, c a l c u l a t e d  a s  s l i d i n g  means from 6  neighboring 

a c t i v i t y  f a c t o r  va lues  and graphs o f  t h e  behavior  o f  average va lues  R l O ,  c a l -  

c u l a t e d  i n  ten-day i n t e r v a l s  ( see  Figure 8) .  Both d e f i n i t e l y  i n d i c a t e  t h e  

e x i s t e n c e  o f  s i g n i f i c a n t l y  g r e a t e r  changes i n  t h e  q u a n t i t y  of  dark ma t t e r  i n  

t h e  n o r t h e r n  hemisphere i n  comparison t o  t h e  southern .  A 1  though t h e  p e r i o d i c  

n a t u r e  o f  t h e  genera l  behavior  of t h e  a c t i v i t y  f a c t o r  i n  t h e  no r the rn  hemi- 

sphe re  s t a n d s  o u t ,  according t o  t h e  ten-day averages,  most c l e a r l y  only i n  

green l i g h t ,  t h e  d i f f e r e n c e  i n  hemispheric  a c t i v i t y  can cause no doubts .  The 

a c t i v i t y  f a c t o r  i n  t h e  southern  hemisphere shown p r a c t i c a l l y  no va r i ance  with 



t ime,  whereas i n  t h e  no r the rn  hemisphere i t s  behavior  i n  r ed ,  yellow and 

green l i g h t  proves t o  be completely d i f f e r e n t .  

On t h e  o t h e r  hand, i n  b l u e  and v i o l e t  l i g h t  h t e  d i f f e r e n c e  between hemi- 

spheres  i s  smoothed over .  This  i s  a l s o  r e f l e c t e d  i n  t h e  va lues  of  t h e  a c t i v -  

i t y  f a c t o r  c o r r e l a t i o n  c o e f f i c i e n t s  between t h e  no r the rn  and southern  hemi- 

sphe res :  f o r  FS-7, SS-5, ZS-1, 0s-12, KS-10 f i l t e r s  t h e  c o r r e l a t i o n  c o e f f i c -  

i e n t s  r equal  + 0.80; + 0.60; + 0.46;  + 0.48; and + 0.68,  r e s p e c t i v e l y .  NS 

N) 20 30 1~7 Zil 20 M 23 . 2  10 20 M N , a  3 5 .:., : ;? u s 16 10 

. f i ? ~ ~  6 I; I XI . :/I jcry 1 I P.' 

Figure 8.  Average Values of the  A c t i v i t y  Fac tor  in D i f f e ren t  Colors f o r  t h e  
Northern and Southern Hemispheres of  J u p i t e r ,  Calculated According t o  Ten- 
Day I n t e r v a l s .  The numbers near t he  po in t s  i n d i c a t e  t he  t o t a l  number of 
observa t ion  n igh t s  i n  each i n t e r v a l .  

The high c o r r e l a t i o n  c o e f f i c i e n t  between hemispheres i s  obta ined  only  i n  

v i o l e t  l i g h t ,  where t h e r e  a r e  no h i n t s  o f  p e r i o d i c i t y  i n  t h e  behavior  o f  t h e  

a c t i v i t y  f a c t o r .  

The p e c u l i a r i t y  i n  observed changes on t h e  Jovian  d i s k ,  i. e . ,  t h e  c l e a r l y  
expressed d i f f e r e n c e  i n  t h e  degree o f  hemispheric  a c t i v i t y  according t o  photo- 



graphs i n  r e d ,  orange and green l i g h t  and t h e  l ack  o f  t h i s  d i f f e r e n c e  i n  b l u e  

and p a r t i c u l a r l y  i n  v i o l e t  l i g h t ,  i n  o u r  view, may be  explained a s  fo l lows .  

, In 1964-1965, t h e  e q u a t o r i a l  reg ion  of  J u p i t e r  was covered by an orange haze,  

s i t u a t e d  between t h e  gray o r  b l u e i s h  no r th  and south  b e l t s .  This  haze was 

c l e a r l y  v i s i b l e  on t h e  c o l o r  photographs o f  J u p i t e r  ob ta ined  and was a l s o  

noted dur ing  v i s u a l  obse rva t ions .  I t  i s  apparent ly  t r a n s p a r e n t  i n  long-wave 

l i g h t ,  s i n c e  on photographs made through r ed ,  orange and green f i l t e r s  t h e  

e q u a t o r i a l  reg ion  was r e g i s t e r e d  c l e a r l y .  In  t h i s  connect ion t h e  dark ma t t e r  

o f  t h e  North and South Equa to r i a l  Be l t s  played a  main r o l e  i n  t h e  va lue  o f  t h e  

a c t i v i t y  f a c t o r .  A change i n  t h e  q u a n t i t y  o r  i n  t h e  c o l o r a t i o n  o f  t h i s  ma t t e r  

i n  t h e  North Equa to r i a l  B e l t  a l s o  def ined  a c t i v i t y  f a c t o r  f l u c t u a t i o n s  ob- 

served  i n  t h e  no r the rn  hemisphere.  

The ma t t e r  colnposing t h e  orange haze,  which may b e  s i t u a t e d  a t  a  g r e a t  

h e i g h t  above t h e  cloud s u r f a c e ,  played a  d e f i n i t i v e  r o l e  i n  t h e  magnitude of  

t h e  a c t i v i t y  f a c t o r  i n  short-wave l i g h t .  Being opague f o r  v i o l e t  and semi- 

Qpaque f o r  b l u e  l i g h t  and be ing  s i t u a t e d  above t h e  a c t i v e  zone of t h e  cloud 

l a y e r ,  t h e  orange haze may n o t  p a r t i c i p a t e  i n  sho r t - t e rm changes which occur  

in t h e  North Equa to r i a l  Be l t .  A s  a  r e s u l t ,  a l though t h e  va lue  of  t h e  a c t i v i t y  

f a c t o r  was maximum i n  b l u e  and v i o l e t  l i g h t ,  a c t i v e  processes  i n  t h e  North 

Equa to r i a l  Be l t  had p r a c t i c a l l y  no e f f e c t  on a c t i v i t y  f a c t o r  changes. 

The s ta tement  t h a t  t h e  ma t t e r  of t h e  orange haze was s i t u a t e d  above t h e  

main s u r f a c e  of  t h e  cloud l a y e r  r equ i r e s  proof .  A t  t he  p r e s e n t  t ime,  we can 

p o i n t  only t o  one phenomenon, q u i t e  n o t i c e a b l e  on c o l o r  and f i l t e r  photographs 

o f  J u p i t e r ,  ob ta ined  i n  t h e  f a l l  o f  1965, when t h e  orange haze ,  having s h i f t e d  

t o  t h e  n o r t h ,  p a r t i a l l y  covered t h e  gray North Equa to r i a l  B e l t .  I n  p l a c e s  

where v o r t e x  p r o j  ec t ions  o f  t h i s  b e l t  were s i t u a t e d ,  i t  was p o s s i b l e  t o  s e e  

t h a t  t h e  b e l t  was n o t  sc reened  by t h e  orange haze .  The uneven southern  bound- 

a r y  o f  t h e  North Equa to r i a l  B e l t  was v i s i b l e  i n  r e d  l i g h t ,  I n  b l u e  l i g h t  t h e  

photographs showed only t h e  orange haze i n  t h e  form o f  a  dark band wi th  a un i -  

form southern  edge. This means t h a t  t h e  arrangement of t he  orange lmze r e p e a t s  

n e i t h e r  t h e  p o s i t i o n  nor  t h e  o u t l i n e  of t he  North Equa to r i a l  Be l t ,  i . e .  , the  

haze i s  n o t  s.ubject t o  those  a c t i v e  processes  which a r e  observed i n  t h e  b e l t .  



This  may se rve  as a  conclusion i n  f avo r  of t h e  assumption concerning t h e  h igh  

a l t i t u d e  of t h e  orange haze.  

A t  t h e  p r e s e n t  t ime,  it i s  no t  p o s s i b l e  t o  s ay  anything d e f i n i t e  con- 

cern ing  the  mechanism of  t h e  s h o r t - p e r i o d i c a l  changes de t ec t ed  i n  t he  atmos- 

phere of  J u p i t e r .  As a  r e s u l t  o f  subsequent i n v e s t i g a t i o n s  o f  atmospheric 

a c t i v i t y  on J u p i t e r ,  i t  w i l l  b e  necessary  t o  q u a l i f y  which zone of  t he  atmos- 

phere ,  with r e s p e c t  t o  a l t i t u d e ,  encompasses t h e  changes observed. There a r e  

two ve r s ions  p o s s i b l e  h e r e .  I f  t h e  source  of  t h e  atmospheric a c t i v i t y  i s  t h e .  

r e l e a s e  of  i n t e r n a l  p l a n e t a r y  h e a t ,  then  v a r i a b l e  processes  i n  t h e  atmosphere 

must begin from below, from t h e  base  of  t h e  atmosphere and must encompass i t s  

e n t i r e  t h i ckness .  Then we must s e e  on t h e  s u r f a c e  of  t he  cloud l a y e r  only an 

a t t e n u a t e d  r e f l e c t i o n  o f  more powerful i n t e r n a l  p roces ses .  Recent ly,  s e r i o u s  

d i scuss ion  has  been given t o  t h e  p o s s i b i l i t y  of  t h e  a c t i o n  i n  t h e  e x t e r n a l  

l a y e r s  of  t h e  Jovian  atmosphere of t h e  greenhouse e f f e c t  [ 4 ,  53. I f  ammonia 

and molecular  hydrogen can c r e a t e  a  n o t i c e a b l e  greenhouse e f f e c t ,  i t s  i n s t a -  - 
b i l i t y  may l e a d  t o  changes i n  t h e  r a d i a t i o n  cyc le  o f  t h e  e x t e r n a l  atmosphere 

and of  t h e  upper p a r t  o f  t h e  cloud l a y e r ,  a s  a  r e s u l t  o f  which, changes i n  t h e  

c i r c u l a t i o n  processes  o f  t h e  Jovian  atmosphere may occur .  I t  i s  c l e a r  t h a t  t h e  

energy o f  t h e  a c t i v e  processes  on J u p i t e r  w i l l  n o t  be  i d e n t i c a l  i n  both cases .  

In  connect ion with a main r o l e  f o r  t h e  greenhouse e f f e c t ,  we may a n t i c i p a t e  t h a t  

a c t i v e . p r o c e s s e s  on J u p i t e r  w i l l  b e  r a t h e r  c l o s e l y  a s s o c i a t e d  wi th  s o l a r  

a c t i v i t y .  

We made an a t tempt  t o  compare changes observed i n  t h e  a c t i v i t y  f a c t o r  

with s o l a r  and geomagnetic a c t i v i t y  i n d i c e s .  During t h e  pe r iod  o f  observa t ions  

of  J u p i t e r ,  t h e  o v e r a l l  s o l a r  a c t i v i t y  l e v e l  was very  low. We s e l e c t e d  d a t a  

concerning s o l a r  a c t i v i t y  i n  agreement wi th  t h e  d i f f e r e n c e  i n  h e l i o c e n t r i c  

longi tudes  of  J u p i t e r  and t h e  Earth f o r  an approximate moment. 

where 

To i s  t h e  d a t e  of t h e  observa t ion  of J u p i t e r ;  

AL = Lg - Ly,  which i s  t h e  d i f f e r e n c e  i n  h e l i o c e n t r i c  longi tudes ;  

w = 13.3 deg/day, t h e  angular  v e l o c i t y  of t h e  r o t a t i o n  of  t h e  sun .  
0 



Corre la t ion  c o e f f i c i e n t s  were ca lcu la t ed  between t h e  va lues  of t h e  

a c t i v i t y  f a c t o r  i n  b lue  and orange l i g h t  and t h e  Wolf numbers. No c o r r e l a t i o n  

was found (rob = + 0.070; rSS = - 0.138). No as soc ia t ion  was found between 

the  a c t i v i t y  f a c t o r  and t h e  a rea  sf s p o t s  o r  with geomagnetic d is turbances .  

Inves t iga t ions  of a c t i v e  processes i n  t h e  Jovian atmosphere by photo- 

me t r i c  methods may of course fu rn i sh  important information concerning regul -  

a r i t i e s  t o  which these  processes a r e  subordina te .  Although t h e  photographic 

method g ives  l e s s  r e s o l u t i o n  of d e t a i l s  of  t h e  v i s i b l e  su r face  of J u p i t e r  . 

than v i s u a l  observat ions ,  only photographic and e lec t rophotometr ic  obser- - /21 

va t ions  penn i t  us t o  use ob jec t ive  q u a n t i t a t i v e  c h a r a c t e r i s t i c s  f o r  observed 

phenomena. The a c t i v i t y  f a c t o r  i n  t h e  film introduced by Focas and Banos and 

employed i n  the  p resen t  a r t i c l e  i s  apparent ly  no t  t h e  b e s t  a c t i v i t y  parameter .  

F i r s t ,  it i s  n o t  t h e  va lue  R i t s e l f ,  b u t  r a t h e r  i t s  change with time rvhich 

r e a l l y  r e f l e c t s  t h e  i n t e n s i t y  of  phenomena t h a t  occur on J u p i t e r .  Secondly, 

a  c e r t a i n  amount of  unce r t a in ty  remains i n  connection with t h e  reduct ion  of 

i n t e n s i t i e s  on the  Jovian d isk  t o  t h e  b r igh tness  o f  t h e  l i g h t  zone, which may 

undergo s u b s t a n t i a l  f l u c t u a t i o n s  i t s e l f .  Therefore,  t he  a c t i v i t y  f a c t o r  may 

be r e l i a b l y  employed only i n  connection wi th  absolu te  photometry of t h e  Jovian  

d i sk ,  tihi ch se r ious  l y  complicates t h e  conduct of r e g u l a r  observat ions of 

J u p i t e r ,  s i n c e  it i s  necessary each n igh t  t o  accomplish photometric  t i e - i n s ,  

t o  check atmospheric t ransparence ,  e t c .  I t  i s  more expedient ,  i n  our view, 

t o  develop a  system of ind ices  of the  atmospheric a c t i v i t y  of J u p i t e r  which 

may be employed independently of absolu te  photometric measurements. 

I t  i s  a l s o  completely c l e a r  t h a t  t h e  f u l f i l l m e n t  of a  complete, r e g u l a r  

photometric program of observat ions of J u p i t e r  r equ i re s  t h e  p a r t i c i p a t i o n  o f  

seve ra l  obse rva to r i e s  with approximately i d e n t i c a l  instruments .  On t h e  one 

hand, t h i s  may f a c i l i t a t e  con t inu i ty  i n  observat ions~,  and on t h e  o the r  hand, 

i t  may f a c i l i t a t e  mutual con t ro l  of the  r e s u l t s  obtained.  Work of such na tu re  

was r e c e n t l y  recommended by t h e  Committee on I n t e r n a t i o n a l  Cooperation i n  

Planetary  Observations of  Commission Number 16 of t h e  I n t e r n a t i o n a l  Astronomi- 

c a l  Union. 
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